Objective-To determine the ability of conventional and Doppler echocardiography to distinguish between minor, acute massive, and subacute massive pulmonary embolism in patients with confirmed pulmonary embolism. Design-Prospective study of a consecutive series of 47 patients with confirmed pulmonary embolism. Setting-Department of internal medicine, university clinic. Patients-l1 patients (23%) had minor, 23 patients (49%/6) had acute massive, and 13 patients (28%) had subacute massive pulmonary embolism. Results-Dilatation of the right ventricular cavity (33 (92%)) and asynergy of the right ventricular free wall (29 (81%)) were seen only in patients with acute and subacute massive pulmonary embolism (n = 36). 23 (64%) with pulmonary hypertension had tricuspid regurgitation. The velocity of the tricuspid regurgitant jet correlated with the pulmonary arterial pressure (r = 0-88, SEE = 11*6 mm Hg) and was significantly lower in patients with acute massive pulmonary embolism (3.0 (0.4) mI/s, n = 12) than in patients with subacute massive pulmonary embolism (4.2 (0-6) mIs; n = 11) (p < 0.001). (18) years) pulmonary embolism was confirmed by pulmonary angiography (n = 44(94%) or by a typical ventilation-perfusion lung scan and precapillary pulmonary hypertension (n = 3(6%).
13 patients (28%) had subacute massive pulmonary embolism. Results-Dilatation of the right ventricular cavity (33 (92%)) and asynergy of the right ventricular free wall (29 (81%)) were seen only in patients with acute and subacute massive pulmonary embolism (n = 36). 23 (64%) with pulmonary hypertension had tricuspid regurgitation. The velocity of the tricuspid regurgitant jet correlated with the pulmonary arterial pressure (r = 0-88, SEE = 11*6 mm Hg) and was significantly lower in patients with acute massive pulmonary embolism (3.0 (0.4) mI/s, n = 12) than in patients with subacute massive pulmonary embolism (4.2 (0-6) mIs; n = 11) (p < 0.001). The use of predefined indices (right ventricular free wall thickness >5 mm; tricuspid regurgitant jet velocity >3.7 mIs; and the occurrence of both a dilated right ventricular cavity with normal interventricular septal motion, or an inspiratory collapse of the inferior vena cava, or both) correctly identified 11 of 13 patients (85%) with (18) years) pulmonary embolism was confirmed by pulmonary angiography (n = 44(94%) or by a typical ventilation-perfusion lung scan and precapillary pulmonary hypertension (n = 3(6%).
Those with normal pulmonary arterial pressure were diagnosed as having minor pulmonary embolism. Patients with pulmonary hypertension (defined as an increase in mean pulmonary arterial pressure of >20 mm Hg at rest) were considered to have acute massive pulmonary embolism. Subacute massive pulmonary embolism-was defined as a mean pulmonary arterial pressure of >40 mm Hg or systolic pulmonary arterial pressure of >70 mm Hg or both. ' Left ventricular function was estimated from the E point septal separation during early diastole in the parasternal short axis view (<7 mm = normal).8 The movement of the interventricular septum was qualitatively classified as normal, hypokinetic, or paradoxical. The right pulmonary artery was measured from the suprasternal view.9 '0 Dilatation of the right pulmonary artery was defined as an end diastolic lumen diameter of > 12 mM/M2 body surface.3 Variation of the lumen of the inferior vena cava during inspiration was evaluated from a subcostal view." 12 Inspiratory collapse of the inferior vena cava (defined as decrease of the lumen diameter of >50% from the maximal right ventricle nor impairment of right ventricular free wall motion ( The clinical course of pulmonary embolism is so diverse that the evaluation of the presence, severity, or duration of the disease is often not possible without additional invasive examinations. Pulmonary hypertension with a mean pulmonary arterial pressure >40 mm Hg or an increase in the total pulmonary resistance by >800 dyn.s.cm-5 indicates that the disease has been present for some time.2 Earlier studies described the relation between echocardiographic changes and the angiographic severity of pulmonary embolism.'516 But they did not distinguish between acute or subacute massive pulmonary embolism.
ECHOCARDIOGRAPHIC CHANGES IN PULMONARY EMBOLISM
The reported frequency of right ventricular dilatation confirmed echocardiographically in patients with pulmonary embolism ranges from 50%-100%.17-20 Seventy per cent of our patients with puhnonary embolism and 92% of patients with pulmonary embolism and pulmonary hypertension had right ventricular dilatation.
Come et al described impaired motion of the right ventricular free wall in seven patients with haemodynamically significant pulmonary embolism.'8 We found asynergy in 81% of patients with pulmonary hypertension but in no patient without raised pressure in the pulmonary circulatory system.
Kasper et al detected paradoxical septal wall motion by echocardiography in 80-100% of patients with pulmonary embolism. 3 We found it in only those with pulmonary hypertension, and less commonly in patients with subacute massive pulmonary embolism (54%) than in those with acute massive pulmonary embolism (74%).
Dilatation of the right pulmonary artery was present in 26/36 patients (72%) with pulmonary hypertension and in 1/11 patients (10%) without raised pressure in the pulmonary circulatory system. Normally, the inferior vena cava collapses during forced inspiration. If it does not this indicates high pressure in the right atrium." 12 In this study the absence of inspiratory collapse of the inferior vena cava was found only in patients with pulmonary hypertension. DOPPLER '6 In our study we found tricuspid regurgitation in only 23/47 patients (49%): however, the rate among patients with pulmonary hypertension was 64%. The low detection rate for tricuspid regurgitation may have been the result of the studies being performed during the acute state of the disease, generally at the bedside. None the less, the correlation was good between the systolic pulmonary arterial pressure estimated by Doppler and the value obtained invasively. A regurgitant jet velocity of >3 5 m/s at the tricuspid valve was considered by Metz et al to be a sign of a chronic pressure increase in the pulmonary circulatory system. 22 We found that a tricuspid regurgitant jet velocity of >3.7 m/s together with other echocardiographic indices such as the presence of right ventricular hypertrophy or right ventricular cavity dilatation, and absence of the collapse of the inferior vena cava during inspiration, identified 85% of patients with subacute massive pulmonary embolism.
We found that in patients with pulmonary embolism Doppler echocardiographic indices allowed the haemodynamic relevance of pulmonary embolism to be ascertained. Pulmonary hypertension in patients with pulmonary embolism correlated with changes in the right heart and the right pulmonary artery shown by echocardiography and was associated with a raised regurgitant jet velocity over the triscuspid valve. Furthermore, in patients with haemodynamically significant pulmonary embolism, echocardiographic and Doppler findings distinguished between acute and subacute massive pulmonary embolism, which may help to guide further management NT is a recipient of a grant from the Sandoz foundation for therapeutic research, Erlangen. SK is a recipient of a grant from the Deutsche Akademische Auslandsdienst, Bonn.
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